The main aim of the present study is to determine the influence of a Jigsaw method based on cooperative learning and a confirmatory laboratory method on prospective science teachers' achievements of physics in science teaching laboratory practice courses. The sample of this study consisted of 33 female and 15 male third-grade prospective science teachers (6th term) who attended science teaching laboratory practices course in the 2014-2015 academic year. In the research, science teaching laboratory practices course was carried out in accordance with a Jigsaw method based on cooperative learning in an experimental group and a confirmatory laboratory method in a control group. Following the treatment, Science Laboratory Physic Achievement Test (SLPAT) was administered as the post-test. The data obtained with the instruments were evaluated using descriptive statistics, independent samples t-test, and ANCOVA. The results indicated that the student teachers had higher levels of achievement in physics topics which were taught through the Jigsaw method based on cooperative learning than through a confirmatory laboratory method. In addition, according to the SLPAT results, students' high levels of misunderstanding revealed that there were problems in the teaching process of physics concepts. It was determined that the student teachers in the research groups had conceptual misunderstandings about sound, electricity, magnetism, light and optics issues. Based on the applications performed in this study, the original Jigsaw was adapted to science laboratory applications as an alternative to the existing Jigsaw techniques in the literature. With similar efforts, the experiences of prospective science teachers can be enhanced for implementing modern teaching methods in their respective areas in the pre-service period. Thus, the provision of professional development of the pre-service science teachers can be supported.
Introduction
Science, particularly the knowledge of physics topics, is an important part of the development of science and technology. Applications of physics have an important place in our daily lives and these applications provide economical and industrial developments in many countries of the world. Improvements in science and technology depend on scientific knowledge, skills and attitudes to be adopted as a way of life. Despite the importance of general science, in particular physics, the related literature shows that the students at all the grades from elementary school to tertiary level have difficulty in learning science and physics, develop negative attitudes towards science and it affects adversely their career choices related to science [1, 2] .
Studies conducted in science education have shown that students have difficulty in learning physics topics such as light, sound, optics, electricity, and magnetism, and there are many conceptual misunderstandings on these issues. Optics and light are the topics that students encounter very often in their daily lives. However, the related research has shown that he students at all levels from elementary school to university level have many problems in optics and light topics such as image formation, reflection, refraction, concave and convex lenses and the conceptual understanding level of students is also low. Besides, it was expressed that the role of the observer is ignored during the observation of image formation in the textbooks; students have misconceptions about the correlation between the position of the observer and image, the location of the image on a plane mirror, the correlation between the image and object, and the characteristics of the image [3] [4] [5] [6] [7] [8] [9] [10] . Another important issue of physics is electricity and magnetism. Research has shown that students have a lot more difficulty in magnetism despite they encounter with the examples of magnetism issues more than those of the electricity in daily life. It is stated that using complex mathematical operations for determination of magnetic quantities and teaching subjects notionally through Universal Journal of Educational Research 5(3): 420-434, 2017 421 verbal symbols make it difficult for students to learn these issues. Furthermore, it is found out in the related studies that students have misconceptions about the issues of the changes of brightness of the lamps with the change of resistance, current, series and the parallel connection of resistance, ohm's law and circuit theory [11] [12] [13] [14] [15] [16] .
This and other similar learning difficulties revealed in the previous studies may occur based on various factors such as learning environments, teacher qualifications, textbooks and like. Science education researchers suggest designing new learning materials and an active learning environment in order to overcome these learning difficulties. Yet, the research shows that traditional science teaching practices are not effective in developing students' high level cognitive skills. The construction of knowledge and effective learning require a student-centered learning environment so that students can actively participate in the experiential learning activities [5, 14, 17] . Across the world, science teaching research continually focuses on learning conditions, teaching methods and techniques which will provide us with the best learning outcomes in science education. Researchers have a consensus on that traditional teaching methods, which make the teacher active and the students passive in the process of teaching, fail to enable students with the desired achievement levels [18] . The research conducted especially in the field of physics teaching has shown that it is quite difficult to learn physics with traditional education methods. Therefore, it was stated there is a need to employ methods which make the students participate actively in the process by investigating, questioning and learning by doing [2, [19] [20] [21] .
The laboratory method is considered one of the leading teaching methods to realize effective and meaningful learning in science education which is the basis of scientific and technological developments. The laboratory method, which is based on the students' active participation in the process of the analysis of the actual events and data collection, provides opportunities for students to understand the core and method of science, to develop problem-solving abilities, to investigate and make generalizations, to gain scientific knowledge and to develop positive attitudes [22] [23] [24] . An important part of science education is to test the theories and hypotheses in laboratory practices. Teacher training programs involve theoretical physics, chemistry and biology courses, laboratory courses including experimental applications of the topics in these lessons and methodology courses including teaching of science topics in the laboratory. In these courses, while the prospective teachers are aimed to learn the theoretical and application aspects of science subjects, they are also taught how to teach these subjects. Although laboratories are an important part of science education, research has revealed that all lab activities do not provide significant contributions for teaching-learning process. The main reason for this is regarded the use of traditional confirmatory activities in laboratories. Since the students attending traditional confirmatory laboratory activities carry out an experiment by following the instructions given to them step by step, they do not fully understand the test process. Consequently, traditional laboratories usually become ineffective in teaching science concepts. For this reason, the necessity of implementing new approaches in laboratory practices as well as in theoretical courses has been the focus of attention for researchers [1, 2, 19, 21, [25] [26] [27] [28] [29] .
Adeoye [19] stated that cooperative learning is one of the most appropriate methods for physics teaching. It is emphasized that the methodology courses in teacher training programs are needed to be organized in a way that will allow the integration of cooperative learning into teaching. It is indicated that in order to achieve the objectives of physics education, the methods including problem detection, problem solving, decision making, experiential learning and discovery learning should be centered in physics teaching strategies. In the studies of Tanel and Erol [20] , a jigsaw technique was used during theoretical and laboratory teaching of magnetism. While a traditional narration method was used for teaching theoretical subjects in the control group and deductive method was employed for laboratory practices in the experimental group. The results of the study show that cooperative learning in teaching magnetism is more effective than traditional methods in terms of increasing academic achievements and ensuring the retention of knowledge at tertiary level. At this point, it will be important to determine which laboratory approach will be effective on developing student behaviors in cognitive, affective and psychomotor domains. The current study investigates the use of cooperative learning, one of the active learning methods in science teaching, in laboratory practices.
Cooperative learning is a teaching model that helps students to learn from each other in small heterogeneous groups in terms of various variables. Cooperative learning model has application practices in different cultures, different geographies and at all educational levels from elementary school to university and in many areas [30] [31] [32] [33] . In general, cooperative learning is considered to have positive effects on the academic achievement of learners, the development of social skills, the personality traits and psychological variables. In addition, it is stated that there are important contributions of cooperative learning to the development of personal and professional skills. Research has mostly focused on which applications of cooperative learning are effective on variables and to what extent, and in which circumstances these effects are valid. Thus, different in-class applications of cooperative learning have emerged. Today there are different cooperative learning methods and techniques which are applied at various levels of education all over the world and in different subject areas. The studies still seek for the ways to enhance the effects of these methods and to develop more effective in-class practices [31, [34] [35] [36] . Jigsaw, one of the techniques which is used in the implementation of cooperative learning, brings the cooperation to the forefront by providing support to students' working together and removing competition in the classroom.
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The technique of jigsaw based on cooperative learning is also seen as an alternative to traditional teaching methods in terms of this aspect [32] . The technique of jigsaw based on cooperative learning is a kind of technique which has applications in different areas of science, language teaching, foreign language teaching, social sciences and medical science and has emerging examples of different in-class practices based on the developments in the course of time. The properties of the domain and the subject area have undergone various modifications in terms of the duration of the group work (a unit or a single topic), teaching materials used, activities, assessment processes, the organization of the groups, the approaches of creating dependency, giving responsibility, providing motivation approaches, and reward structures. This variability has revealed different types of the original Jigsaw. In the literature, there are six different jigsaw techniques along with the original Jigsaw, Jigsaw II-III-IV, reverse Jigsaw and subject Jigsaw [37] [38] [39] [40] [41] [42] [43] . Some of the reasons for Jigsaw technique to be prominent for educators are searching for many answers in one question for the group work conducted through this technique, equal opportunities in learning and allowing communication between students with different learning histories. However, in other techniques, it is stated that only one correct answer is usually searched for one question, that is, a group is in a struggle to arrive at a single correct answer [38, 41, 43, 44] .
Individuals need to cooperate with others in order to accomplish the learning tasks which are based on no predetermined answers and solutions. In this way, cooperative learning becomes meaningful (logical) for individuals. Students show different learning efforts and social behaviors while searching for possible solutions to the questions, and collecting information. In this process, students change their ideas on the topic, expand their understanding of the subject matter and discuss how to combine the data they compiled and their plans to perform a task. It is recommended that working with a Jigsaw technique is one of the best ways to actualize this learning and social behaviors [45] . Each team member is responsible for a part of the subject in the Jigsaw method based on cooperative learning applications, and this is the main difference between the jigsaw and other cooperative learning methods. Thus, everyone has to take part in the activities within the group. As a result of this active participation, each group member is enabled to learn the concepts in focus [31, 37, 41, 46] .
The studies revealed that teaching science topics, especially physics, needs to be implemented in learning circumstances in which students can reflect their ideas and discuss their learning with their friends and teachers instead of well-planned lecturing methods [1, 20, 47, 48] . Since cooperative learning is not widely used to facilitate interaction and students' learning in an educational environment by teachers, teacher education plays an important role at this point. A teacher who has no experience with cooperative learning is not expected to apply this method in his/her class. Research emphasizes that in order to support teachers to implement cooperative learning in their classes, teachers in-service need to be provided with training for their continuing professional development, and learning environments need to be created for prospective teachers to develop their cooperative learning experiences [19, 48, 49] . In this regard, it is considered important for teaching physics to use Jigsaw technique based on cooperative learning which makes students help each other's learning in small mixed groups and provides learning opportunities for searching, discussing and investigating. In addition, Jigsaw technique can easily be used for both teaching theoretical subjects and carrying out laboratory experiments in terms of its structure in the implementation process. However, this study is regarded important in terms of providing cooperative learning experiences for the participating tertiary level students attending a science teaching program.
Research Goal and Questions
The main objective of this research is to determine the influence of a Jigsaw based on cooperative learning method and a confirmatory laboratory method on prospective science teachers' achievements of physics in science teaching laboratory practice lesson. The following sub-problems of the current research seek for answers.
1. Does teaching physics in science teaching laboratory practice course with a Jigsaw method based on cooperative learning and a confirmatory laboratory method make differences between the achievements of groups?
2. What are the misconceptions of the student groups getting training with a Jigsaw method based on cooperative learning and a confirmatory laboratory method regarding physics in science teaching laboratory practice course?
Methods
The present research was carried out by using a quasi-experimental post-test-only control group design. In the research, science teaching laboratory practice course was conducted in accordance with a Jigsaw method based on cooperative learning in the experimental group and the confirmatory laboratory method in control group. Following the treatment, Science Laboratory Physic Achievement Test (SLPAT) was administered as a post-test.
Sample
The sampling of this study consisted of 33 female and 15 male third-grade prospective science teachers (6th term) who attended science teaching laboratory practice course in the 2014-2015 academic year. The mean for ages of the participating students was computed as 21.38. The group having practices through Jigsaw method was named as Cooperative Learning Group (JCLG) (n=23), and the other group using the confirmatory method was called as the control group (CG). The participating student teachers attended the courses of basic and advanced physics, chemistry, and biology in the first five semesters, and most of them have completed these courses successfully. The student teachers were evaluated according to their prior knowledge levels and the Grade Point Average (GPA). The data related to overall GPA were obtained from the lists of every class which were taken from the student administration office. GPA is calculated by the following process: beginning from the first semester a student started the program and including the semester which has been just completed, the credit hour of each lesson enrolled is multiplied with a predetermined coefficient unit (0,00-4,00) of these lesson's grade. Then, all these are summed up and the summary is divided into total credit hours, and finally divided and rounded upward to 2 decimal places.
Instruments
In order to determine the prospective science teachers' understanding of physics topics in a science teaching laboratory practice course, the Science Laboratory Physics Achievement Test (SLPAT) was prepared by the researcher. The SLPAT included basic topics of sound, light, heat and temperature, electricity and magnetism in the scope of the laboratory practices. Theoretical and practical aspects of the lesson were taken into consideration while preparing the questions relevant to these issues. The specified sub-topics have been chosen taking into account the experiments carried out. SLPAT was formed in ten (10) open-ended questions in order to determine students' understanding regarding sound characteristics, image formation and image characteristics in mirrors and lenses, simple electric circuits, circuit elements and their tasks in electric circuit, the impact of the heat on materials, magnetic fields, magnetic objects, magnetization and magnetization features. Learning objectives of the questions in the SLPAT are as follows: (1) to determine the relation between the length of a metal strip used as the sound source and the intensity of the sound that occurs, (2) to design the experimental setup that shows the relation between the voice amplitude and its intensity, (3) to explain the reasons of the ways of connecting ampermeter and voltmeter to a simple electric circuit, (4) to explain the reasons of series and parallel connections of identical batteries used as the generator in an electric circuit, (5) to compare the brightness (intensity of light) of the identical lamps connected in series and parallel in an electric circuit, (6) to write the properties of an object's image on a plane mirror and to explain the reasons of an image being virtual, (7) to draw the actual image of an object in the concave mirror and the convex lens (two questions), (8) to write the types of magnetization, and to determine the poles of the temporary magnet that are formed through friction and magnetization, and (9) to write and define the expansion types and expansion coefficient. Moreover, two experts in the field of physics teaching and science teaching were consulted in order to ensure the construct validity of the SLPAT. The experts were given a form that included the questions and the learning objective intended to be measured by each question, and they were asked to evaluate whether the questions in the test measure the intended meaning. Based on the necessary analysis, it was concluded that the experts achieved a consensus on the questions' appropriateness for the intended learning objectives. The questions in SLPAT involved the tasks of writing properties in steps, making statements, designing the experimental setup and drawing. Questions for all the basic issues were included, but more questions were involved on some issues considering the sub-topics in SLPAT. Thus, the content validity of SLPAT was tried to be ensured. The prepared questions were evaluated by two experts on the field of physics education and science education and two science teachers, and the test was finalized. The answers of student teachers in the research groups for the SLPAT were scored according to the prepared analytical answer key. By making independently partial scoring for all questions, the score is given for each question among 0-10. Cronbach Alpha reliability coefficient was calculated for SLPAT as 0.66. The maximum score students can take from SLPAT is 100 points. In addition, misunderstandings that were detected in the answers given to the questions in the SLPAT by student teachers were identified, and frequency values of these misunderstandings were calculated. Thus, it was aimed to evaluate both conceptual understandings and the success of the research groups.
Procedure
This research was carried out in accordance with a quasi-experimental post-test-only control group design. In this section, experimental applications carried out during the treatment are presented. The Science Teaching Laboratory Practice (STLP) course was conducted through a Jigsaw method based on cooperative learning in the Jigsaw Cooperative Learning Group (JCLG) and a confirmatory laboratory method in the control group (CG). In the treatment process, the same experiments performed in both research groups were selected from the same source books. In addition, the topics discussed in the theoretical lessons were the same for both groups. In both groups, along with two assistants, the researcher participated in the laboratory practice. Theoretical lessons were conducted by the researcher.
Teaching through Jigsaw Method Based on
Cooperative Learning
The students in the JCLG were divided into five heterogeneous "Jigsaw Groups" consisting of five members since physics topics in the STLP course is divided into five subtopics. Jigsaw Groups were encoded with a "JG" icon and letters according to the alphabet and shown in figure 1. While composing the groups, students in JCLG were ranked according to their GPA. It was considered that each group 424 The Effects of Using Jigsaw Method Based on Cooperative Learning Model in the Undergraduate Science Laboratory Practices was heterogeneous in itself and homogeneous among themselves in terms of achievement. The groups were given forms including the personal information of the group members, member codes and a color to represent the group. In addition, these forms included the contents of the topics that would be taught during the course and numbers of the experiments in the textbooks which would be conducted in the course. Students in the JGs were given information about their duties and responsibilities in the lesson, the activities they would carry out and the implementation of the Jigsaw technique. Then, the JGs were asked to bring information about the topics in the course content until the next lesson. In the next lesson, they came together in their JGs, and each member of the group was assigned a subtopic of the course content to learn it as an 'expert'. The JGs then broke apart, and the student teachers assigned the same topics moved into the Expert Groups consisting of members from each JG. Expert Groups were composed by gathering the student teachers taking the same subtopics together. Five Expert Groups consisting of 5 members were formed. The expert groups represented by the symbol "EXPG" and a code number were shown in figure 1. The EXPGs were given the tasks of searching for their subtopics in a detailed way, learning the subtopic and teaching their area of expertise to other friends when they returned to their JGs which were composed at the beginning of the course. The EXPGs conducted their research and learning activities in and out of the class. Four class hours were allocated for these activities, and other studies were performed outside the class. The work of the EXPG was followed by the teacher during the lessons, they were given support when necessary, and they were guided. In this way, students were enabled to be experts of their subtopics. After the theoretical part of the EXPG work was completed, each EXPG carried out the experiments in the textbooks which were selected for the lessons related to their topics of expertise. Experiments were completed within a period of two hours. All the EXPGs prepared their own reports including both theoretical information related to the issues of expertise and the implementation processes of the experiments which were carried out, and each member of the group took a sample of this report. After completing the studies in the EXPG, each student returned to their own JG. Thus, it was ensured that each group member got specialized in both the theoretical and implementation aspects.
Each member of the JGs taught the subtopics in their areas of expertise to other group members through activities carried out in an out of the class. Furthermore, they shared the application process of their experiments which were carried out in the EXPGs with the group members. Thus, group members learnt theoretical information about the topics in the scope of the course and got ready for the experiments which were carried out by making similar studies in all JG. Later, JGs performed the experiments related to the five main topics of the course in turns in two-hour periods. JGs prepared their reports of the experiments in all the subtopics using data from the experiments and observations findings. The implementations, which were performed by Jigsaw method based on cooperative learning, were completed in 5 weeks (20 lessons). In all the lessons of the course, it was allocated a two-hour period on the work in the first JGs, a 4-hour period on the EXPGs, a 4-hour period on the work in the second JGs and a 10-hour period on the experimental applications. In the CG where confirmatory laboratory method was applied, STLP course was conducted in two stages. In the first stage, the presentation of theoretical course content was performed while in the second stage, or the application stage, the experiments were conducted. In the first phase of the lesson, the topics were presented by the teacher using the lecturing method according to the pre-prepared lecture notes. During the presentation, examples were given, students were asked to give examples, questions were asked and answers were taken from students. In the teaching process, formulas related to the subject, the digital process and drawings were transferred to the student teachers on the blackboard. The students asked questions to the teacher regarding the subjects and concepts which they did not understand or they were curious in the teaching process, and the teacher informed the students by answering the questions, going over the topics, and through different viewpoints. The lecturing was completed in a ten-hour period. After completing the lecturing, page numbers of the experiments in the practice textbook were given to students, and the teacher asked them to get prepared for the experiments which would be carried out every week. The tools that were used in the experiments related to five key issues (see Table 1 ) including course content were placed on five separate experiment tables. In order to carry out the experiments, five groups were composed in the control group (N = 23), in which two of them consisted of 4 members and three of them involved 5 members. Group members worked together until all the experiments were completed. All the groups completed the experiments on each table in a two-hour period. Each group carried out an experiment on a different table at the same time. In the next lesson, experiment tables were changed in accordance with a sequence of the subject, and all the experiments on five tables were carried out. After completing the experiments, groups prepared individual reports related to this experiment until the next lesson. Received reports were compiled in the student files for evaluation.
Analysis of the Data
Descriptive statistics belonging to the grade point average (GPA) of the student teachers in research groups which were obtained from the student affairs were calculated, and independent groups were analyzed via t-test. In addition, descriptive statistics were also calculated for the scores students received from the Science Laboratory Physics Achievement Test (SLPAT), and analysis of covariance (ANCOVA) was performed for the SLPAT points based on GPA as a covariate. Furthermore, frequency values of common wrong answers of the students to questions in SLPAT were calculated.
Results
The findings of the data gathered through the data collection tool used in the study are presented in two categories. The prospective science teachers' achievement levels of physics topics in the science teaching laboratory practice course were evaluated according to the scores obtained from the SLPAT. For the SLPAT, the students' written responses were analyzed, and their conceptual misunderstandings of physics topics were determined.
Findings Regarding the Achievements of the Students in Research Groups on the Physics Topics
Descriptive statistics regarding the GPA and SLPAT scores of the students in the research groups were calculated, and shown in Table 2 . According to Table 2 , it is clear that the student teachers in the JCLG have higher SLPAT average scores and GPA than those of the CG. Independent samples t-test was performed to determine whether there is a difference among GPA statistics of the research groups. Analysis results showed no statistically significant difference between the GPA of JCLG and CG (t=1.861; p=0.069). In this study, GPA was taken as an indicator of the students' prior knowledge levels. The correlation between the GPA and SLPAT scores of students who participated in the research was examined considering the effect on subsequent learning. The results of the Pearson correlation analysis showed a high level significant positive correlation between the SLPAT scores and the GPA of the students (r=0.774; p<0.01; N=48).
To investigate the effects of the jigsaw method based on cooperative learning and the confirmatory laboratory method on students' achievements in terms of physics topics, analysis of covariance (ANCOVA) for the SLPAT scores was conducted by taking the GPA scores as the covariates, and the analysis results are shown in Table 3 . If stress increases, amount of the wavelength increases, so intensity of the sound increases as well.
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Since the number of vibrations is a lot, violence of the sound is a lot as well.
If stress increases the amount, frequency increases and intensity of the sound increases accordingly.
When the amount of stress increases, sound thickens.
When the amount of stress increases, molecules move more freely up and vibrates more severely.
If stress increases, frequency increases and sound gets shrill; however, the sound intensity decreases.
When stress increases, the wavelength of sound increases and intensity of the sound decreases accordingly.
Table 5. Wrong answers for the reasons of connecting a voltmeter to circuit in parallel
Statements made by students CG (f) JCLG (f)
If it was connected in parallel, total potential would be wrong because it measures the potential of a single source. 9 7 If it was connected in a series, it would cause a short circuit.
It is connected in parallel because of the shape of the circuit mechanism.
It is connected in parallel for measuring the potential of all circuits.
The results of the analysis in Table 3 showed a significant difference among the SLPAT corrected average scores of the students in JCLG and CG (F(1,45)=6.215; p=0.016; p<0.05). When SLPAT adjusted average scores of the research group were examined, it is seen that the detected differences were in the favor of the experimental group (XJCLG = 60.953; XCG= 52.008). That is to say, teaching physics topics in "The Science Teaching Laboratory Practice" course via the Jigsaw method based on cooperative learning has revealed a higher level of achievement than teaching through the confirmatory laboratory method.
Findings Related to the Students' Conceptual
Misunderstandings of Physics Topics Table 4 presents the expressions of conceptual misunderstandings of the student teachers gathered through the question of how the intensity of a sound changes when increasing the distance of a metal strip, which is stuck to a fixed support, from a surface without changing its length.
When the statements are examined in Table 4 , it was found that students who participated in the research (CG %43, JCLG %36) had misunderstandings about the sound subject in the way that there is a positive or negative correlation between the intensity of sound and wavelength, and when amplitude increases, frequency increases and the intensity of sound increases accordingly. It was also seen that the students had conceptual misunderstandings in the way that sound intensity and loudness are (high-pitched, low-pitched sound) the same property, and when the amplitude increases, the molecules compose a more severe tone by moving more freely. In another question, the student teachers were asked to explain the reasons of the connection of an ammeter and a voltmeter to a circuit. It was seen that students mostly had difficulty in explaining the reasons for connecting a voltmeter to a circuit in parallel. Frequently encountered answers of the students in research groups related to the reason of connecting a voltmeter to a circuit in parallel are given in Table 5 .
When the responses in Table 5 were examined, it was understood that students had misunderstandings in the way
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Model in the Undergraduate Science Laboratory Practices that a voltmeter is connected to a circuit in parallel for measuring the total potential of a circuit, and if a voltmeter is connected to a circuit in series, it would cause a short circuit. Students also stated that a voltmeter should connect to a circuit in parallel in order to complete only a simple electric circuit as formally. The wrong answers mostly given by the students in the research groups related to the reasons of connecting the identical batteries used in a circuit as the generator to a circuit in parallel and series are given in Table 6 . Table 6 . The wrong answers of the reasons related to connecting batteries to a circuit in parallel and series
Way of Connection
The reasons of connecting the batteries in series
When batteries are connected in a series, the current passing in all ways will be the same.
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Batteries are connected in parallel using the energy of only one.
Batteries are connected in a series in order that a current can pass in one branch.
Because connecting to a circuit in series is a suitable connecting series.
When it is connected series, the total stress is equal to the stress of one battery.
The reasons of connecting the batteries in parallel
When batteries are connecting in parallel, the currents passing in all branches are different. The current is divided into branches.
8
In order to use the energy of only one battery, the batteries are connected parallel.
Providing the current in a circuit divided into branches the batteries are connected parallel. Because connecting to a circuit in parallel is a suitable connecting parallel.
When we connect in parallel we can pass the power wherever we want. In order to get a high voltage, the batteries are connected parallel. Because total stresses of the batteries show the total stresses of the circuit. In order to give more current to the circuit, the batteries are connected parallel. Table 7 . The misconceptions concerning how brightness of the lamps will change according to connection way of identical lamps Statements made by students CG (f) JCLG (f)
As current passes through one way (same current will pass) with a connection in a series, the light intensity of the lamps are the same. It would be different in the parallel connection, it varies.
10
If series connected lamps are connected in parallel, the potential difference between the ends of each lamp reduces in the ratio of 1/3. The light intensity of the lamps connected in parallel is less than a series, but they are equal to each other. But the brightness of the series connected lamps is more. If the lamps connected in series are connected in parallel, light intensity of the lamp reduces because flow is divided in three branches. If the lamps connected in a series are connected in parallel, the equivalent resistance decreases, the current increases, but light intensity of lamps decreases as the current is divided into branches.
If the lamps connected in a series are connected in parallel, the brightness does not change.
As Current is divided into branches through the parallel circuit, the same current flows through each lamp and their brightness is the same. The light intensity of the lamps connected in a series is different. Because the current is gradually reduced. The image is virtual because it is a reflection of the body.
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The image is virtual because after they are reflected in the mirror, incoming light rays create a virtual image by intersecting in front of the mirror.
The image is virtual because the light rays cut each other.
The image is virtual because it does not fall on any curtain-screen.
The image is virtual because the image is behind the mirror.
The image is virtual because the angles of incoming light rays are equal with their angles of the reflections.
The image is virtual because the image is the same with the body.
The image is virtual because an exactly clear image doesn't occur.
The image is virtual because light rays coming on a plane mirror reflect with the same angle.
Image of a plane mirror is virtual because it is symmetrical with the object.
The statements in Table 6 indicated that the student teachers who participated in the research had misunderstandings in the way that for utilizing power of all batteries, they should be connected in series, and for utilizing the power of only one battery, they should be connected in parallel. In addition, it was found out that the students had misconceptions in the way that when batteries are connected to a circuit in series, current passes in one branch, and while it is connected in parallel, the current would be divided into branches. However, some student teachers stated their opinions on this issue without explaining any reasons. At the same time, contrary to the fact scientifically accepted by al, students gave the answers that batteries should be connected to a circuit in parallel for obtaining a high voltage or providing a high current. Table 7 presents the most common misconceptions of the students in the research group for the question of how the brightness of the lamps changes when identical lamps in a series are converted into parallel without replacing the generators.
Statements in Table 7 show that students had misunderstandings in the way that when the identical lamps connected in a series were converted to the parallel connection, potential difference between the ends of each lamp reduces in the ratio of the number of lamps, or the current in a circuit is divided into branches as much as the number of lamps, and the current in the circuit will not change and so the brightness of the lamps will reduce. In addition, it was seen that students had misunderstandings in the way that if the identical lamps connected in a series are converted to parallel connection, the brightness of the lamps will not change. Besides, it was seen that students had correct information about if the identical lamps connected in a series are converted to parallel connection, the equivalent resistance will reduce. However, it was found out that there were misunderstandings in the issue that the current for each lamp will decrease by disregarding the fact that the current in the circuit will increase and the potential difference between the ends of each lamp is equal to the potential difference of the generator, and thus the brightness of the lamps will decrease.
In another question, the student teachers were asked to write the properties of an object image formed in a plane mirror and to explain the causes of the image to be virtual. When the written answers to the question were examined, it was seen that students gave the wrong answers about the causes of the image to be virtual in a plane mirror. Frequently encountered wrong answers of students in the research group are presented in Table 8 .
Given the data in Table 8 , it was seen that contrary to scientific facts, the student teachers answered the question about the causes of the image to be virtual in a plane mirror in the way that after the incoming light rays are reflected in the plane mirror, they create a virtual image by intersecting in front of the mirror. It was also seen that some of the student teachers had correct information about the issues that the image cannot fall on any screen because the image of a plane mirror is virtual, the image is inside the mirror, and the image and the object are simultaneously symmetrical to each other. Yet, these situations are the result of a virtual image. Student teachers who indicated these explanations as the reasons for the image to be virtual had conceptual misunderstandings. Students tried to explain the virtual image with the features of the image. Table 9 . The wrong answers regarding the examination of the actual image on the concave mirror Description of the drawings by students CG (f) JCLG (f)
The location of the object and the image
The object is outside the center, the image is behind the mirror between F and 2F. 7 9 The object is in front of the mirror, (the position is undefined) the image is behind the mirror.
The object is in focus, the image is behind the mirror at infinity.
The object is at the center, the image is behind the mirror at the center.
Screen Display
The screen was not used to observe the image. 9 12
The location of the observer
The observer is behind the objects and looking toward the object-mirror line. 12 11 The observer is looking on the side where the mirror is not located (behind the mirror). The location of the object and the image The location was not specified, the image is in the lens. 7 8 The object is in focus, the image is in the other side between the lens and focus.
The location was not specified, the image is on the side where the object was located.
The screen was not used to observe the image. 8 10
The observer is looking toward the lens on the side where the object was located. 5 7 The observer is looking toward the direction of lens-object on the other side where the object was not located.
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In the two different questions of the data collection tool used for the research, the students were asked to draw the experimental setups which examined the real image of the body in the concave mirror and convex lens without showing the rays but covering the position of the observer. The responses of the student teachers were elaborately examined in terms of the representation of a concave mirror and a convex lens, the location of the body and the image, the usage of a screen for showing the real image and the location of the observer. Frequently encountered misunderstandings by the students are shown in Table 9 and Table 10 by converting them to written statements.
According to Table 9 , it can be seen that the student teachers had conceptual misunderstandings in the way that the real image of an object on the concave mirror occurs behind the mirror. Furthermore, not using a curtain or screen for examining the real image emerged as a significant factor. However, in the experimental setups, the representation of the observer who examined the real image and located on the side of the mirror where the object did not exist, indicated the misunderstandings of the students.
Given the data in Table 10 , it can be seen that students had conceptual misunderstandings in the way that the real image of an object on the convex lens occurs in front of the mirror, in other words, on the side where the object is located. Furthermore, not using the curtain or screen for examining the real image emerged as a significant factor. However, in the experimental setup, the representation of the observer who examined the real image and located on the back of the lens where the object was not located, indicated a significant misunderstanding of the student teachers. At this point, they thought that the real image of the convex lens was formed on the side where the object was located.
In the question about the magnetization in the SLPAT, the student teachers were asked to write the magnetization types step by step and to figure out the pole of the temporary magnet which is obtained by rubbing the magnet constantly in an iron of the same direction as in Figure 2 . In their responses to this question, it was found that students often had difficulty in understanding the temporary magnet poles which were formed by frictional magnetization, and drawing samples of this misunderstanding are presented in Figure 2 .
The descriptions of the student teachers in the Figure 2 : "They attract each other because of the different poles (Figure 2a) , Magnetism caused by touch (Figure 2b ). As the S pole touches the N pole, the other side is an S pole (Figure 2c ). It is a frictional magnetization. When a magnet is rubbed to iron for 5-10 minutes, the iron gets the characteristics of a magnet. Since the S pole of the magnet is rubbed in the figure, the iron bar becomes the opposite pole. It means the N pole (Figure 2d )".
It was revealed that the student teachers who made drawings similar to the sample drawings in the Figure 2 mostly have a misunderstanding in the way that the tip of the iron bar which was firstly touched by a magnet will be polarized in the opposite direction with the friction part of the magnet (CG 74% and JCLG 56%). When the students in the research groups identified the temporary magnet poles composed by frictional magnetization, it was seen that they showed poles composed by magnetism with frequent touch. These answers showed that students had conceptual misunderstandings about the processes occurring in magnetization despite knowing the type of temporary magnetization. 
Discussion and Conclusion
This section of the study presents the results based upon the research findings regarding the influence of a Jigsaw method based on cooperative learning and a confirmatory laboratory method on the prospective science teachers' achievements of physics in a science teaching laboratory practice course. Also, the misunderstandings of the student teachers on the physics topics in science teaching laboratory practice course were identified.
Although the grade point average (GPA) of the participating student teachers until the sixth semester differed slightly, the findings from the statistical analysis indicated that they had similar characteristics in terms of prior knowledge and overall readiness level. Students' prior knowledge is one of the most important variables that affect their learning. In this regard, having the same prior knowledge level is important in terms of revealing the impacts of the independent variables on dependent variables examined in the current study. For this purpose, following the treatment process in the research groups, the effect of the GPA, which is an indicator of prior knowledge, was controlled in the analysis of the data obtained from the SLPAT that was administered as the post-test.
According to the findings from analysis, teaching physics in accordance with a Jigsaw method based on cooperative learning revealed a higher level of success than teaching through a confirmatory laboratory method. A confirmatory laboratory approach is known as a traditional method widely used in the laboratory applications of science courses. The results of the studies in the field of science education have proved that Jigsaw method provides a higher performance than traditional methods on students' both the theoretical and experimental learning. The results of this study are in line with the literature [20, 22, 24] . The results of this study regarding the significant effects of Jigsaw method based on cooperative learning on increasing the students' achievements in physics stem from enhancing the cooperative learning efforts of each student by making them responsible for teaching the material to the group members. In addition, students' gathering information in an autonomously and self-adjusted way and making explanations to each other contributed to the positive results of the study. In this way, it could ensure a meaningful set of information through the pieces of information by utilizing what individuals learn from others [43, 46] . Berger and Hanze [46] stated that oral language is mostly used in the student-student interactions of cooperative learning groups, and this issue affects the process of learning from each other in a negative way. In our study, despite the use of verbal communication in theoretical lessons, experiments were carried out through experiential learning under the guidance of an expert student in each experiment in laboratory practices and in cooperative learning groups. The related literature shows that effective learning occurs in a student-centered learning environment in which students actively participate in the activities conducted through experiential learning [5, 14, 17] . However, a cooperative learning method is not exactly effective in every respect and circumstances for the desired achievements. The research in science education has revealed that cooperative learning is not sufficient to understand especially the topics at microscopic level. In addition, the studies have indicated that if the numbers of topics which are studied in cooperative learning groups are too many, cooperative learning groups will have the same effect as in the traditional methods on learning outputs [38, 40, 46] .
As a result of investigating the wrong answers given by the student teachers to the questions, including writing, explaining, drawing and designing the experimental setup, it was determined that the student teachers had some conceptual misunderstandings (see Table 4 -10 and Figure 2) . It was found out that the student teachers in the research groups had conceptual misunderstandings about sound issues, regarding the sound features and the relationship of these features with each other; concerning the electricity issue, regarding a parallel connection of an electrical circuit to the voltmeter and the causes of the series and the parallel connection of identical batteries used as a generator in an electrical circuit. Furthermore, it was determined that the student teachers had conceptual misunderstandings about the electricity issue on the issue how the brightness of the lamps (the light intensity) will change in an electrical circuit when identical lamps in a series are converted into parallel without replacing the generators. It was seen that students had conceptual misunderstandings in the way that in converting the series connected identical lamps to parallel connection, a lower current will pass through the lamp than series connection as a result of dividing the current into branches although the current in the electrical circuit increases with the decrease of equivalent resistance as the generators are not changed. In addition, it was also ascertained that the student teachers in the research groups had difficulty in determining temporary magnet poles formed in frictional magnetization, and had conceptual misunderstandings. The results of this research revealed that the misunderstandings identified in electricity and magnetism show similarities with those of studies in physics education [11] [12] [13] [14] [15] [16] . It was seen that the participating student teachers had conceptual misunderstandings about the causes of the image to be virtual in a plane mirror on the basic light topic. The students tried to explain the fact of the virtual image with reference to the characteristics of a virtual image. However, it was identified that students had misunderstandings in terms of showing the real image of the object on a concave mirror and a convex lens, and the position of the observer and using a screen in order to show the real image. It was found out that the students had similar misunderstandings with those revealed in the previous research on light and optics [3] [4] [5] [6] [7] [8] [9] [10] .
The related literature emphasizes that traditional confirmatory approach was mostly used for the laboratory applications of science courses. Students work in groups in the applications of the confirmatory laboratory method as it is in the Jigsaw method. However, a special effort is not made for the heterogeneity of the groups in terms of various properties (such as academic achievement) as in the Jigsaw technique. In the experiments performed according to the confirmatory laboratory approach, all the groups conduct the experiments about the same topic at the same time, or each group completes the work by starting from an experiment about a different topic and performing the other experiments one by one throughout the term. In both situations, the students who come to the laboratory for doing experiments experience these experiments almost for the first time. They come to the laboratory with the knowledge gained from the theoretical lessons and the textbooks that describe how these experiments need to be performed. Thus, the students are expected to conduct the experiments in due time, to reach at intended results and to discuss about them [23, 26, 29] . However, it becomes difficult for students to have higher levels of attainment as they do not have enough experiences about these experiments and background information about the theoretical knowledge. In the activities which were carried out through the jigsaw method based on cooperative 432
The Effects of Using Jigsaw Method Based on Cooperative Learning Model in the Undergraduate Science Laboratory Practices learning and presented in details in the method section of the current study, the students were prepared as the experts of the theoretical knowledge about the experiments and the experiment process. In other words, each group had an expert for all the experiments that would be performed. Each experiment was done under the guidance of an expert (a member of the group). What distinguishes this study from the previous research is that group members provided the expert support for their unexperienced peers in the process of experiments. The findings of the study indicated that the students gained higher levels of achievements in the experiments carried out through the jigsaw method than those done through the confirmatory laboratory method. It can be difficult for many students to learn physics. Students can develop negative attitudes toward physics and can have various misconceptions. Considering that students become the part of an educational environment with all their prior knowledge and experiences, and new information is built on this prior knowledge, teachers need to have an idea about whether this prior knowledge is compatible with the scientific knowledge or not. In this regard, conceptual misunderstandings identified in this study can provide valuable information for teachers, curriculum developers and textbook authors.
Conducting the current study with prospective science teachers contributed to enhancing their experiences related to the contemporary teaching methods that can be used in the future practices. It will be useful to perform similar studies on different fields and topics of the science curriculum for the pre-service science teachers. With similar efforts, the experiences of prospective science teachers can be enhanced for implementing modern teaching methods in their subject areas during pre-service education. Thus, the continuing professional development of the pre-service science teachers can be supported. In the practices of the present study, the adaptation of the original Jigsaw to science laboratory applications as an alternative to the existing technical literature was enabled. In the case of supporting the results of this study with the similar studies in the future, it can be contributed to create the technique of the "Jigsaw Laboratory".
